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Description 

METHODS OF BASE FORMATION IN A 
BiCMOS PROCESS 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates generally to a bipolar tran- 
sistor and, more particularly to methods for forming a 
bipolar transistor with a raised extrinsic base in an inte- 
grated bipolar and complementary metal oxide semicon- 
ductor (BiCMOS) transistor circuit in which the base resis- 
tance is lowered by extending the raised extrinsic base 
silicide to the emitter region in a self-aligned manner. 

[0003] Background of the Invention 

[0004] Bipolar transistors are electronic devices with two p-n 

junctions that are in close proximity to each other. A typi- 
cal bipolar transistor has three device regions: an emitter, 
a collector, and a base disposed between the emitter and 
the collector. Ideally, the two p-n junctions, i.e., the emit- 



ter-base and collector-base junctions, are in a single layer 
of semiconductor material separated by a specific dis- 
tance. Modulation of the current flow in one p-n junction 
by changing the bias of the nearby junction is called "bipo- 
lar-transistor action." 

[0005] if the emitter and collector are doped n-type and the base 
is doped p-type, the device is an "npn" transistor. Alter- 
natively, if the opposite doping configuration is used, the 
device is a "pnp" transistor. Because the mobility of mi- 
nority carriers, i.e., electrons, in the base region of npn 
transistors is higher than that of holes in the base of pnp 
transistors, higher-frequency operation and higher-speed 
performances can be obtained with npn transistor devices. 
Therefore, npn transistors comprise the majority of bipo- 
lar transistors used to build integrated circuits. 

[0006] As the vertical dimensions of the bipolar transistor are 

scaled more and more, serious device operational limita- 
tions have been encountered. One actively studied ap- 
proach to overcome these limitations is to build transis- 
tors with emitter materials whose band gaps are larger 
than the band gaps of the material used in the base. Such 
structures are called heterojunction transistors. 

[0007] Heterostructures comprising heterojunctions can be used 



for both majority carrier and minority carrier devices. 
Among majority carrier devices, heterojunction bipolar 
transistors (HBTs) in which the emitter is formed of silicon 
(Si) and the base of a silicon-germanium (SiGe) alloy have 
recently been developed. The SiGe alloy (often expressed 
simply as silicon-germanium) is narrower in band gap 
than silicon. 

[0008] The advanced silicon-germanium bipolar and comple- 
mentary metal oxide semiconductor (BiCMOS) technology 
uses a SiGe base in the heterojunction bipolar transistor. 
In the high-frequency (such as multi-GHz ) regime, con- 
ventional compound semiconductors such as GaAs and 
InP currently dominate the market for high-speed wired 
and wireless communications. SiGe BiCMOS promises not 
only a comparable performance to GaAs in devices such 
as power amplifiers, but also a substantial cost reduction 
due to the integration of heterojunction bipolar transistors 
with standard CMOS, yielding the so-called "system on a 
chip." 

[0009] | n addition to high unity current gain frequency fT, state- 
of-the-art npn HBTs also require a high unity unilateral 
power gain frequency fmax. Base resistance, Rb, is an im- 
portant factor that must be lowered in order to obtain a 



high-performance HBT. 

[0010] For high-performance HBT fabrication, yielding SiGe/Si 
HBTs, a conventional way to lower the base resistance is 
through ion implantation into the extrinsic base. The ion 
implantation will cause damage, however, to the base re- 
gion. Such damage may ultimately lead to degradation in 
device performance. 

[0011] jo avoid the implantation damage, a raised extrinsic base 
(Rext) is formed by depositing an extra layer of polycrys- 
talline silicon (or SiGe) atop the conventional SiGe extrin- 
sic base layer. There are essentially two processes that 
may be utilized to achieve such a raised extrinsic base. 
The first process involves selective epitaxy; the other in- 
volves chemical-mechanical polishing (CMP). 

[0012] Despite being capable of somewhat lowering the base re- 
sistance of prior art HBTs, resistance due to a raised ex- 
trinsic base is still a large portion of the overall base re- 
sistance. In view of the drawbacks mentioned above with 
prior art HBTs, there is still a need for developing a 
method of forming a HBT having a raised extrinsic base in 
which further lowering of the base resistance is achieved. 
Summary of Invention 

[0013] An object of the present invention is to provide simple, 



yet practical methods of fabricating a high-performance 
HBT in an integrated BiCMOS process. 

[0014] a further object of the present invention is to provide 

methods of forming a HBT having a raised extrinsic base 
in which base resistance is further lowered as compared 
to a conventional HBT having a raised extrinsic base. 

[0015] a still further object of the present invention is to provide 
methods of fabricating a high-speed HBT having a raised 
extrinsic base in which unity current gain frequency fT 
and unity unilateral power gain frequency fmax can be 
200 GHz or greater. 

[001 6] a yet further object of the present invention is to provide 
methods of fabricating a npn or pnp bipolar transistor in a 
BiCMOS process flow. 

[0017] These and other objects and advantages are achieved in 
the present invention by forming a silicide region over the 
raised extrinsic base prior to, or after, formation of the 
emitter. In particular, the methods of the present inven- 
tion provide means for extending the raised extrinsic base 
silicide to the emitter region in a self-aligned manner. In 
the present invention, the polysilicon is emitter is spaced 
apart from the raised extrinsic base silicide by a spacer. 
The silicide is self-aligned to the emitter and it exhibits 



improved, i.e., lowered, resistivity characteristics. More- 
over, the silicide region is produced in such a manner so 
that substantially little or no agglomeration occurs. Ag- 
glomeration is defined herein as the action or process of 
collecting the silicide in a ball, mass or cluster. 

[0018] one aspect of the present invention is directed to meth- 
ods of fabricating a high-performance HBT having a 
raised extrinsic base and a silicide region located on top 
of the raised extrinsic base. In a first embodiment of the 
present invention, the method includes the steps of: 

[0019] forming a base region atop a Si substrate having trench 
isolation regions located therein, said base region includ- 
ing a monocrystalline region atop the Si substrate and a 
polycrystalline region atop the trench isolation regions; 

[0020] forming an oxide layer atop the base region; 

[0021] forming an emitter pedestal region atop the oxide layer 

located atop the monocrystalline region; 
[0022] forming a raised extrinsic base adjacent to said emitter 

pedestal region; 

[0023] forming a silicide layer atop the raised extrinsic base; and 

[0024] forming an emitter in said emitter pedestal region, said 
emitter is spaced apart and isolated from the raised ex- 



trinsic base and the silicide layer. 

[0025] | n a second embodiment of the present invention, the ex- 
trinsic base silicide is formed in a self-aligned manner to 
the emitter. More specifically, the spacing between the 
emitter edge and the silicide edge is not determined by a 
lithography step for forming the emitter contact border. 
Instead, self-alignment of the silicide is achieved by 
adding a sacrificial oxide layer or any other like material 
between the extrinsic base polysilicon and an isolation ni- 
tride layer. An emitter opening is formed in the stack and 
a nitride spacer is formed on the sidewalls of the emitter 
opening. Next, the emitter polysilicon is formed and the 
emitter contact area is defined with lithography. The oxide 
stack is stripped and the extrinsic base region is defined 
with lithography. Next, the sacrificial ozone layer is 
stripped selective to the isolation nitride layer to create a 
gap or undercut that extends to the spacer edge. A metal 
layer is deposited conformally to fill the undercut. The 
structure is then annealed and a silicide is formed on the 
exposed silicon surfaces including the area inside the un- 
dercut. Metal contacts can then be formed utilizing stan- 
dard procedures. 

[0026] Another aspect of the present invention relates to a struc- 



ture that comprises: 
[0027] a Dase region having a monocrystalline region located 
atop a Si substrate and a polycrystalline region located 
atop trench isolation regions that are present in the sub- 
strate; 

[0028] a raised extrinsic base located atop the polycrystalline re- 
gion and part of the monocrystalline region; 

[0029] a silicide region located atop the raised extrinsic base; 
and 

[0030] an emitter located atop the monocrystalline region which 
is spaced apart and isolated from the raised extrinsic base 
and the polycrystalline region of the base region, wherein 
said silicide region atop the raised extrinsic base extends 
to the emitter in a self-aligned manner. 

[0031] | n one embodiment, the silicide region is formed in an 
undercut that is located beneath the upper "T" region of 
the emitter. The emitter is separated from the raised ex- 
trinsic base silicide by a spacer. 
Brief Description of Drawings 

[0032] FIGS. 1-11 are pictorial representations (through cross 
sectional views) illustrating the basic processing steps of 
the first embodiment of the present invention. 

[0033] FIGS. 12-22 are pictorial representations (through cross 



sectional views) illustrating the basic processing steps of 
the second embodiment of the present invention. 
Detailed Description 



[0034] The present invention, which provides methods for fabri- 
cating a high-performance heterojunction bipolar transis- 
tor (HBT) in a BiCMOS process in which an extended raised 
extrinsic base silicide is formed in a self-aligned manner 
in proximity to the emitter as well as the resultant struc- 
ture that is formed from the inventive methods, will now 
be described in greater detail by referring to the drawings 
that accompany the present application. 

[0035] The drawings of the present application are directed to 
the HBT device area (although a single HBT device area is 
shown, the present invention can be employed on a plu- 
rality of HBT device areas). For clarity, the CMOS device 
area as well as other areas of a typically BiCMOS structure 
are not shown in the drawings. The other areas lay to the 
periphery of the BiCMOS device area shown. It should be 
noted that the present invention works equally well for 
base-after gate processes or base prior to gate processes. 
Although both processes can be used, it is preferred to 
employ a base-after gate process. In such a process, the 
gate of the CMOS transistor is fabricated prior to the for- 



mation of the base of the HBT. The following description 
includes a scheme for use in base-after gate processes. 

[0036] FIGS. 1-11 are pictorial representations (through cross 
sectional views) illustrating the basic processing steps of 
the first embodiment of the present invention. In the first 
embodiment of the present invention the self-aligned sili- 
cide region is formed on exposed portions of the raised 
extrinsic base prior to the formation of the emitter. A sec- 
ond embodiment of the present invention, which is illus- 
trated in FIGS. 12-22, provides a HBT structure in which 
the silicide region is formed on the raised extrinsic base 
after emitter formation. In the second embodiment, por- 
tions of the silicide are formed in a gap or undercut that is 
located beneath the upper region of a T-shaped emitter. 

[0037] FIG. 1 shows an initial structure of the present invention. 
The initial structure includes a Si substrate 10 having 
trench isolation regions 12 formed therein. The Si sub- 
strate may be a Si-containing semiconductor substrate 
such as Si, SiGe, or a silicon-on-insulator (SOI). Alterna- 
tively, the Si substrate 10 may be a Si layer such as epi-Si 
or a:Si formed atop a semiconductor substrate. The Si 
substrate 10 may include various doping or well regions. 
The Si substrate 10 may include a sub-collector region 



which connects the HBT device to an adjacent collector re- 
gion. 

[0038] The trench isolation regions 12 are made using tech- 
niques well known to those skilled in the art including, for 
example, lithography, etching, optionally forming a trench 
liner, trench filling and planarization. The trench fill mate- 
rial includes a dielectric material such as a high-density 
oxide or tetraethylorthosilicate (TEOS). 

[0039] The initial structure also includes protective material 14 
atop the HBT device area (in the drawing the HBT device 
area is designated by reference numeral 100). The protec- 
tive material 14 includes a nitride layer 16 located mainly 
above the sub-collector region 102, a protective oxide 
layer 18 located atop the nitride layer 16 and an amor- 
phous polysilicon layer 20 located atop the protective ox- 
ide layer 18. The nitride layer 16 is formed via deposition 
atop the HBT device area 100 during fabrication of the 
CMOS transistors. The other layers of the protective mate- 
rial 14 are formed via deposition after the CMOS transis- 
tors are formed and those layers, i.e., oxide layer 18 and 
amorphous polysilicon layer 20, are employed in the 
present invention to protect the CMOS device area during 
fabrication of the HBT. Note that the structure of FIG. 1 



also includes collector region 104. The collector 104 and 
a sub-collector (not specifically labeled) are formed in the 
Si substrate 10 prior to the formation of the CMOS tran- 
sistors. 

[0040] Next, the HBT device area 100 is opened by providing a 
patterned photoresist mask (not shown) having an open- 
ing in the HBT device area 100 atop the amorphous 
polysilicon layer 20 and etching through the opening to 
remove the exposed portion of the amorphous polysilicon 
layer 20, underlying oxide layer 18 and underlying nitride 
layer 16. The patterned photoresist mask is formed by 
deposition and lithography, while the etching is per- 
formed utilizing a reactive-ion etching (RIE) process or 
another like dry etching process which is capable of stop- 
ping atop the upper surface of the Si substrate 10. 

[0041] B ase | ayer 22 is the formed atop the entire structure in- 
cluding within the opening. See FIG 2. The base layer 22 is 
formed by a low temperature epitaxial growth process 
(typically 450°-700°C). The base layer 22, which may com- 
prise Si, SiGe or a combination of Si and SiGe, is 
monocrystalline 22m on top of exposed portions of the 
Si- substrate 10 and polycrystalline 22p on top of the 
trench isolation regions 12. The region in which polycrys- 



talline changes over to monocrystalline is referred to as 
the facet region. The base layer 22 that is formed at this 
step of the present invention typically has a thickness af- 
ter epitaxial growth of from about 400 to about 6000 A. 
Note that the base layer 22 is thicker atop the Si substrate 
10 than atop the isolation trench regions 12. 

[0042] Next, and as also shown in FIG. 2, oxide layer 24 is 

formed atop the upper horizontal surfaces of base layer 
22 including atop the monocrystalline region 22m and the 
polycrystalline region 22p. The oxide layer 24 is formed 
using an oxidation process. Alternatively, the oxide layer 
24 can be formed by a deposition process such as, for ex- 
ample, chemical vapor deposition (CVD). The oxide layer 
24 typically has a thickness after formation of from about 
5 to about 50 nm. 

[0043] After forming oxide layer 24, an emitter pedestal region 
26 is formed atop the oxide layer 24 that is located above 
the monocrystalline 22m portion of the base layer 22. The 
emitter pedestal region 26 includes a stack of polysilicon 
28 and nitride 30 having sidewalls that are protected with 
insulating spacers 32. 

[0044] The emitter pedestal region 26 is formed as follows: First 
a polysilicon layer 28 is formed atop the upper exposed 



surface of the entire structure shown in FIG. 2. The 
polysilicon layer 28, which is formed via a deposition pro- 
cess such as chemical vapor deposition (CVD) or plasma- 
assisted CVD, has a thickness of from about 30 to about 
100 nm. Next, a nitride layer 30 is formed atop the 
polysilicon layer 28 via a conventional deposition process 
such as chemical vapor deposition (CVD) or plasma-as- 
sisted CVD. A patterned photoresist mask (not shown) is 
then formed atop the nitride layer and portions of the ni- 
tride layer that are not protected by the patterned pho- 
toresist mask are etched selective to polysilicon. The pat- 
terned photoresist mask is removed by a conventional 
stripping process, and then the pattern in the nitride layer 
30 is transferred into the underlying polysilicon layer 28 
providing the structure shown, for example, in FIG. 3. The 
pattern transfer is achieved by utilizing one or more etch- 
ing processes that are capable of selectively removing 
polysilicon. 

[0045] The insulating spacers 32 are then formed on the exposed 
sidewalls of the material stack of polysilicon and nitride 
by deposition of an insulating material and etching. Illus- 
trative examples of insulating materials that can be used 
as the spacers for the emitter pedestal region include: ox- 



ides, nitrides and/or oxynitrides, with preference given to 
nitrides such as SiN. 

[0046] After forming the emitter pedestal region 26 such as 

shown in FIG. 3, the oxide layer 24 is removed chemically 
by buffered or diluted HF or an HF-containing chemical. 
Then, a doped semiconducting layer 34 such as polysili- 
con, Si or SiGe (hereinafter doped layer 34) is formed on 
top of the entire structure providing the structure shown, 
for example, in FIG. 4. The doped layer 34 can be a layer 
with a variable doping concentration, or Ge composition 
that can be grown in a state-of-the-art low temperature 
epitaxy system. The doped layer 34 may also be formed 
by either an in-situ doped deposition process or by first 
depositing a polysilicon, Si or SiGe layer and then doping 
by ion implantation and annealing. In a preferred embodi- 
ment of the present invention, an in-situ doping deposi- 
tion process is utilized. The doped layer 34 typically has a 
thickness from about 20 to about 400 nm. It is noted that 
the portions of doped layer 34 that are located above the 
polycrystalline region 22p of the base layer 22 form the 
raised extrinsic base of the inventive HBT. 

[0047] After depositing the doped layer 34, the doped layer 34 is 
planarized via chemical-mechanical polishing (CMP) to the 



upper surface of nitride layer 30 and then the planarized 
doped layer is recessed below the upper surface of the 
emitter pedestal region 26. The CMP may include the 
polySi CMP process disclosed, for example, in U.S. Patent 
No. 6,492,238 to Ahlgren, et al., the entire contents of 
which are incorporated herein by reference. The structure 
including the recessed doped layer 34 is shown in FIG. 5. 
In FIG. 5, the recessed doped layer 34 is designated as 34" 
indicating the formation of the raised extrinsic base upon 
the polycrystalline region 22p of the base layer 22. The 
recessing used in the present invention for forming the 
raised extrinsic base 34" comprises a timed RIE process. 

[0048] After forming the raised extrinsic base 34"atop the poly- 
crystalline region 22p of the base layer 22, a refractory 
metal layer 36 is deposited on the exposed surfaces of the 
structure shown in FIG. 5 providing the structure illus- 
trated in FIG. 6. The refractory metal layer is formed by a 
conventional deposition process including, for example, 
CVD, plasma-assisted CVD, sputtering, atomic layer de- 
position, and chemical solution deposition. The refractory 
metal layer 36 has a thickness after deposition of from 
about 4 to about 60 nm. 

[0049] The term "refractory metal" is used herein to denote a 



metal-containing material (i.e., elemental metal or metal 
alloy) that is difficult to corrode or fuse, yet is capable of 
forming a silicide when reacted with silicon at high- 
temperatures. Examples of refractory metals that may be 
employed in the present invention include, but are not 
limited to: Ti, Co, W, Ta, Ni and alloys thereof. The term 
"alloys" is used herein to denote a mixture of elemental 
metals as well as an elemental metal that includes an al- 
loying additive. Highly preferred refractory metals are Ti, 
Co and Ni, with Co being most highly preferred. 

[0050] The structure including the refractory metal layer 36 is 

then annealed to form a metal silicide region that is in its 
lowest resistivity phase. For some of the elemental metals 
such as Ni a single annealing step is needed to convert 
the refractory metal layer into a low-resistance silicide re- 
gion, while for other elemental metals such as Ti a first 
annealing step is used to convert the Ti into a Ti silicide 
phase of high resistance and then a second anneal is used 
to convert the high resistance Ti silicide phase into its 
lowest resistance phase. 

[0051] The first anneal step is typically performed at a tempera- 
ture from about 400°C to about 700°C for a time period 
from about >iminute to about 30 minutes. The anneal is 



typically carried out in an inert gas ambient such as He, 
Ar, Ne, Xe, Kr, N 2 or a mixture thereof. A single ramp-up 
rate, with or without soaking, may be employed in the 
present invention or multiple ramp-up rates, with or with- 
out soaking, may be employed in the present invention. 

[0052] During the first anneal (or during any of the annealing 
processes mentioned herein), the refractory metal inter- 
acts and reacts with the underlying portions of raised ex- 
trinsic base 34" to form a silicide. During the interaction 
and subsequent reaction most of the refractory metal and 
some of the raised extrinsic base gets consumed. The 
structure including a metal silicide 38 is shown, for exam- 
ple, in FIG. 7. Metal silicide 38 shown in FIG. 7 may or may 
not be in its lowest resistivity phase. 

[0053] Following the first anneal, any unreacted metal is removed 
utilizing a chemical etchant such as an inorganic acid pro- 
viding the structure shown, for example, in FIG. 8. Note 
that the refractory metal 36 atop nitride layer 30 is re- 
moved during this processing step of the present inven- 
tion. 

[0054] if needed, a second annealing step may now be conducted 
to convert the previously formed metal silicide 38 into a 
lower resistance silicide 40. The resultant structure that is 



formed after the second annealing step has been per- 
formed is shown in FIG. 9. The second annealing is typi- 
cally performed at a temperature from about 700°C to 
about 950°C for a time period from about 10 seconds to 
about 5 minutes. The second anneal is typically carried 
out in an inert gas ambient such as He, Ar, Ne, Xe, Kr, N 2 
or a mixture thereof. A single ramp-up rate, with or with- 
out soaking, may be employed in the present invention or 
multiple ramp-up rates, with or without soaking, may be 
employed in the present invention. 

[0055] After silicide formation in which silicide (38 or 40) is 
formed on the raised extrinsic base, an isolating oxide 
layer 42 is formed over the structure shown in FIG. 9 pro- 
viding the structure illustrated in FIG. 10. The isolating 
oxide layer 42 is composed of tetraethylorthosilicate 
(TEOS) or Si0 2 and it is typically formed by a conventional 
deposition process that is well known to those skilled in 
the art. The thickness of the isolating oxide layer 42 may 
vary, but typically isolating oxide layer 42 has a thickness 
of from about 100 to about 300 nm. 

[0056] After providing the isolating oxide layer 42, an oxide 

chemical mechanical polishing (CMP) process such as dis- 
closed, for example, in U.S. Patent No. 6,492,238 to 



Ahlgren, et al., the entire contents of which are incorpo- 
rated herein by reference, is performed and thereafter an 
emitter region 44 is formed into the area that includes the 
emitter pedestal region 26. Specifically, the emitter region 
44 is formed by first selectively removing portions of the 
isolating oxide layer 42 that overlay the emitter pedestal 
region 26. This is achieved in the present invention by 
utilizing a patterned photoresist mask and etching the ex- 
posed portions of the isolating oxide layer 42 stopping 
atop the nitride layer 30. After the initial etching step, the 
patterned photoresist mask is removed and then the ex- 
posed nitride layer 30 is selectively removed utilizing a 
chemical etchant that is highly selective in removing ni- 
tride as compared to oxide or polySi. The etching step 
stops atop polysilicon layer 30. The polysilicon layer 30 is 
then removed utilizing an etching step that is highly se- 
lective in removing polysilicon as compared to nitride. 
This etching stops atop oxide layer 22. 
[0057] The exposed oxide layer 22 is then etched utilizing a 

chemical oxide removal (COR) process or similar process 
that induces minimal undercut or substantially no under- 
cut is formed. In the COR process, a gaseous mixture of 
HF and ammonia is employed. The ratio of HF to ammonia 



employed in the COR process is typically from 1:10 to 
10:1, with a ratio of 2:1 being more highly preferred. 
Moreover, the COR process employed in the present in- 
vention is performed at a pressure between about 1 mTorr 
to about 100 mTorr and at a temperature of about 25°C. 
As is depicted, the COR process provides minimal or sub- 
stantially no undercut region beneath the insulating spac- 
ers 32. An optional HF-containing chemical cleaning step 
may follow the COR process. 

[0058] After the COR process and the optional HF-containing 
chemical cleaning step, an emitter polysilicon 44 is de- 
posited and patterned providing the structure shown, for 
example, in FIG. 11. The emitter polysilicon is a doped 
polysilicon material that can be formed utilizing an in-situ 
doping deposition process or deposition, followed by ion 
implantation and annealing. Note that the emitter polysili- 
con is in contact with the monocrystalline portion 22m of 
the base layer 22. It is noted that the doping of the emit- 
ter polysilicon 44, the base 22 and the collector can be 
tailored to provide either an npn or a pnp HBT, with pref- 
erence given herein to npn HBT transistors. 

[0059] it is noted that in the structure shown, for example, in 
FIG. 11, the silicide region 40 atop the raised extrinsic 



base extends to the emitter 44 in a self-aligned manner 
and the silicide 40 exhibits improved, e.g., lowered, resis- 
tivity characteristics. Moreover, the silicide 40 is produced 
in the first embodiment of the present invention such that 
substantially little or no agglomeration occurs. 

[0060] As stated above, FIGS. 1-11 show the processing steps 
that are employed in a first embodiment of the present 
invention. In the first embodiment of the present inven- 
tion, the silicide region is formed prior to emitter forma- 
tion. As shown in FIG. 11, an inner edge of the silicide re- 
gion 40 is in contact with the insulating spacers 32 which 
isolate the silicide region 40 from the emitter 44. In addi- 
tion to the first embodiment depicted above, the present 
invention also contemplates a second method of forming 
a HBT structure having the extrinsic base silicide (i.e., sili- 
cide region 40) formed in a self-aligned manner to emit- 
ter 44. In the second embodiment of the present inven- 
tion, the silicide is formed after formation of the emitter 
and it is formed in a gap or undercut that is located be- 
neath an upper portion of the T-shaped emitter. As in the 
first embodiment, the raised extrinsic base silicide ex- 
tends to the emitter in a self-aligned manner. 

[0061] The second embodiment of the present invention, which 



is shown in FIGS. 12-22, will now be described in greater 
detail. Reference is first made to the structure shown in 
FIG. 12. The structure shown in FIG. 12 includes the vari- 
ous elements that are depicted in FIG. 5 of the first em- 
bodiment of the present invention. It is noted that the 
various processing steps described in the first embodi- 
ment for forming the structure shown in FIG. 5 are used in 
the second embodiment for forming the structure shown 
in FIG. 12 except for the fact that oxide layer 29 is formed 
between polysilicon layer 28 and nitride layer 30. The ox- 
ide layer 29 is formed via a conventional deposition pro- 
cess. In FIG. 12, the listed reference numerals are the 
same as those used above in forming the structure shown 
in FIG. 5. For clarity, portions of the polycrystalline extrin- 
sic base region and the doped layer that form the raised 
extrinsic base have been combined and are labeled as 34". 
[0062] FIG. 13 shows the structure that is formed after a sacrifi- 
cial oxide layer 50 is formed on the exposed surface of 
the raised extrinsic base 34. The sacrificial oxide layer 50 
is formed by deposition, chemical mechanical polishing 
and recessing. It is noted that the thickness of the sacrifi- 
cial oxide layer 50 determines the thickness of the silicide 
region to be subsequently formed. The sacrificial oxide 



layer 50 may be composed of ozone TEOS or any other 
like oxide material. 

[0063] After forming the sacrificial oxide layer 50 on the struc- 
ture so as to provide the structure shown in FIG. 13, a ni- 
tride layer 52 is then deposited and the deposited nitride 
layer 52 is planarized to provide the planar structure 
shown in FIG. 14. In the planar structure shown in FIG. 14, 
the exposed upper surfaces of the structure are composed 
of nitride, e.g., nitride layers 30 and 52. 

[0064] Next, the nitride layers are opened by chemical mechani- 
cal polishing (CMP) or etching utilizing oxide layer 29 as a 
polish stop layer or an etch stop layer. The resultant 
structure formed after this step of the second embodi- 
ment of the present invention has been performed is 
shown, for example, in FIG. 15. In the structure shown in 
FIG. 15, the upper surface layer now comprises nitride 
that is located above the raised extrinsic base 34" and ox- 
ide layer 29. 

[0065] The oxide layer 29 that is exposed in FIG. 15 together 
with the underlying polysilicon layer 28 of the emitter 
pedestal region 26 are then removed by reactive ion etch- 
ing or wet chemical etching to provide the structure 
shown in FIG. 16. In FIG. 16, oxide layer 24 of the emitter 



pedestal region 26 that lies above the monocrystalline 
22m base region 22 is exposed. 
[0066] Next, and as shown in FIG. 17, emitter polysilicon 44 and 
a nitride cap 45 are deposited and the structure is pat- 
terned by lithography and etching. In this step of the 
present invention, the emitter and the raised extrinsic 
base are both patterned by the lithography and etching 
steps. 

[0067] After providing the structure shown in FIG. 17, the nitride 
atop the sacrificial oxide layer 50 that is not protected by 
the upper region of the T-shaped emitter 44 and nitride 
cap 45 is removed utilizing a selective etching process. 
The selective etching process used at this point of the 
second embodiment of the present invention provides the 
structure shown in FIG. 18. The structure shown in FIG. 18 
also includes an isolation nitride spacer 56 that is formed 
by CVD or another like process. 

[0068] The next step of the second embodiment of the present 
invention includes a chemical oxide removal (COR) pro- 
cess or an equivalent wet etch process that is capable of 
forming a gap or undercut region 55 in the structure. The 
resultant structure formed after this step of the present 
invention has been performed is shown, for example, in 



FIG. 19. 

[0069] Next, a conformal layer of a refractory metal, especially Co 
or W, is then formed by CVD or another like process. FIG. 
20 shows the structure formed after the conformal layer 
36 is formed. 

[0070] The structure shown in FIG. 20 is then subjected to an an- 
nealing process, such as described in the first embodi- 
ment, which is capable of causing the conformal layer of 
refractory metal 36 to react with silicon or polysilicon so 
as to form a silicide region 40 atop the raised extrinsic 
base 34". The structure formed after annealing is shown 
in FIG. 21. Note that silicide is formed within the gap or 
undercut region 55 provided above. 

[0071] The unreacted metal is the removed utilizing a selective 

wet etch process providing the structure shown in FIG. 22. 
The structure shown in FIG. 22 includes a silicide region 
40 that is self-aligned to the emitter 44 of the HBT. The 
inner edge of the silicide is located beneath the upper T- 
shaped portion of the emitter 44. 

[0072] The structures shown in either FIG. 11 or FIG. 22 can be 
subjected to further HBT device processing steps includ- 
ing device contact formation. In both embodiments of the 
present invention, the resultant structure includes a raised 



extrinsic base silicide 40 that extends to the emitter 44 in 
a self-aligned manner. The inventive structure having the 
self-aligned emitter atop the raised extrinsic base lowers 
the base resistance of the HBT device. 
[0073] while the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details 
may be made without departing from the spirit and scope 
of the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and 
details described and illustrated, but fall within the scope 
of the appended claims. 



